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Available online 16 February 2017Understanding the spread of smoking cessation and relapse within social networksmay offer new approaches to
further curb the smoking epidemic. Whether smoking behavior among social network members determines
smoking cessation and relapse of adults however, is less known.
For this study, longitudinal data of 4623 adults participating in theDutch Longitudinal Internet Studies for the So-
cial sciences (LISS) panel were collected inMarch 2013with a follow-up in 2014. Logistic regression was used to
examine the association between the proportion of smokers in social networks, and (1) smoking cessation (n=
762) and (2) smoking relapse (n = 1905). Analyses were adjusted for the size of the network, age, sex, and
education.
Respondents with the largest proportion of smokers in their social network were less likely to quit smoking
(OR= 0.25; 95% CI = 0.11–0.66) and more likely to experience a relapse (6.08; 3.01–12.00). Smoking cessation
and relapse were most strongly associated with the proportion of smokers among household members and
friends. The proportion of smokers in family outside the household was not related to smoking cessation and
smoking relapse.
In conclusion, smoking behavior in social networks, especially among householdmembers and friends, is strong-
ly associated with smoking cessation and relapse. These ﬁndings further support the spread of smoking within
social networks, and provide evidence for network-based interventions, particularly including household mem-
bers and friends.
© 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Although smoking rates have declined in the past decade, smoking is
still one of the leading preventable causes of death and the second
highest contributing factor to the overall burden of disease globally
(World Health Organization, 2015; RIVM, 2014; Murray and Lopez,
2013). In 2013, the smoking prevalence was around 23% in The Nether-
lands,which is comparable to the global smoking prevalence and that in
the EU (World Health Organization, 2015; RIVM, 2014). In The Nether-
lands, smoking causes approximately 19,000 deaths annually, and at
13% it is the highest contributing risk factor to the overall burden of dis-
ease (RIVM, 2014). Thus, there remains a need to design new effective
interventions, also because of the growing interest in so-called endgame
strategies (McDaniel et al., 2016). The tobacco endgame suggests we
should move beyond tobacco control toward an entirely tobacco free
societies.y Medical Center Rotterdam,
erdam, The Netherlands.
. This is an open access article underIn 2008, Christakis and Fowler used unique data from the Framing-
hamStudy to show the spread of smoking via social networksmembers,
including spouses, siblings, friends, and neighbors (Christakis and
Fowler, 2008). Using logistic regression models, they assessed the rela-
tionship between contacts who quit smoking and smoking cessation of
the subject in a dynamic social network over a 32-year period. Their
ﬁndings suggested that spouses and friends, who quit smoking, were
particularly relevant for smoking cessation. This may have important
implications for the design of network-based interventions. Not only
does it provide new targets for interventions, it also implies that inter-
ventions might be more effective since positive health behaviors
might spread to others as well (Valente, 2012).
Further support for contagiousness of smoking behavior within so-
cial networks however, remains scarce. This is probably due to the in-
herent complexity to collect longitudinal information about smoking
behavior in dynamic social networks. Studies investigating smoking be-
haviors in networks often focused on smoking initiation among adoles-
cents, demonstrating that smoking behavior of social contacts is
strongly associated with, and perhaps even the cause of, smoking initi-
ation (Ennett et al., 2008; Go et al., 2010; Mercken et al., 2009; Valente
et al., 2013). The inﬂuence of smoking behaviors of social networkthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. CONSORT ﬂow diagram.
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tions, however, has received far less attention. Studies primarily related
thenumber or proportion of smokers amongeither spouses, households
or neighborhoods to smoking cessation or relapse (Blok et al., 2013a;
Holahan et al., 2012; Moore et al., 2014; Hymowitz et al., 1991). For ex-
ample, smoking cessation is shown to be more likely in neighborhoods
with a high prevalence of non-smokers (Blok et al., 2013a). Similarly,
smoking relapse is more likely in households with a high number of
smokers (Moore et al., 2014). Empirical evidence on the importance of
the nature of social ties (e.g. householdmember, friend, family) is scarce
as well.
This study used the Longitudinal Internet Studies for the Social sci-
ences (LISS) panel from The Netherlands, which is a large prospective
study. Apart from measures about the respondents' smoking behavior,
it also includes information about smoking behavior among social net-
work members. This provides a unique opportunity to examine: (1)
whether smokers with more smoking social network members are
less likely to quit smoking during follow-up, and (2) whether former
smokers with more smoking social network members are more likely
to relapse. Unlike Christakis and Fowler who related quitting among so-
cial networkmembers to smoking cessation, we hypothesized that hav-
ing more smoking social network members makes it more difﬁcult to
quit smoking and also easier to relapse because of the continuous visual
cues (Christakis and Fowler, 2008; Caggiula et al., 2001). In addition, we
assessed the dependence of these associations on speciﬁc types of social
network ties, e.g. household members, close friends, and family mem-
bers outside the household including parents and siblings.
2. Methods
2.1. Data
We used data from the Dutch LISS panel administered by
CentERdata (Tilburg University, The Netherlands). It is a large Internet
survey with almost 7000 individuals above the age of 15 years. The
panel is based on a probability sample of households drawn from the
population register and is therefore representative of the Dutch popula-
tion (De Vos, 2010). The panel is operational since 2007. Every year, a
longitudinal survey is set out, which covers a large variety of domains
including education, income, work, housing, values, personality, time
use and political views. More information about the LISS panel can be
found in Scherpenzeel et al. (2010) and at: www.lissdata.nl.
For this study, we added several questions on smoking behaviors of
respondents and of members in their social network to the routine data
collection by CenterData. IRB approval was therefore not necessary for
this study. All participants gave consent to participate in the LISS
panel. These prospective data were collected in March 2013 with a fol-
low-up in April 2014. All data were anonymous and made publically
available through the LISS panel's website (CentERdata, 2016). Initially,
6562 respondents of the LISS panel were invited to ﬁll out a question-
naire of which 5538 responded (84.4%). Of those, 5221 were
approached for follow-up after one year, of which 4625 responded
(88.6%). Only respondents who completed the questionnaire at both
waves were included in our analysis. Subsequently, two subpopulations
were identiﬁed: (1) smokers at baseline (n = 762), and (2) former
smokers at baseline (n = 1905) (see Fig. 1).
2.2. Measures
Self-reported smoking status was assessed by asking respondents
whether they currently smoked (yes/no), and whether they had ever
smoked before (yes/no). Smoking cessation was deﬁned as smoking at
baseline but not during follow-up. Similarly, smoking relapse was de-
ﬁned as smoking during follow-up by former smokers at baseline. For-
mer smokers were those who did not smoke at baseline, but reported
to have smoked in the past.Among the respondentswho smoked at baseline, additional questions
were asked regarding smoking frequency, smoking quantity and quit at-
tempts. Every current smokerwas askedwhether he/she is a daily smoker
or less than daily smoker, how many cigarettes per day (CPD) he/she
smoked, and whether he/she had ever made a quit attempt (yes/no).
Respondents were asked to provide information about the composi-
tion of their social network and the smoking behaviors of all nominated
social network ties. Speciﬁcally, each respondent was asked to name all
household members, up to ﬁve closest friends, and all siblings and par-
ents outside the household that were still alive at the time of the study.
Close friends were deﬁned as people with whom the respondent had
close contact in the past six months. Siblings and parents outside the
household together made up the group “family members outside the
household”. A respondent's total network size comprised all reported
household members, friends, and family members outside the
household.
Smoking behavior of social network members was assessed by ask-
ing the respondent to indicate for each social network tie whether he/
she currently smoked, both at baseline and during follow-up. This infor-
mationwas used to calculate, theproportion of social networkmembers
that smoked at baseline and during follow-up (henceforth: proportion
of smokers). This proportion was calculated for all social ties combined,
as well as each type of social tie (i.e. household members, friends, and
family members) separately.
Network size, age, sex, and educational level of the respondentwere
used as control variables. Adjustment for the size of the network was
needed because the proportion of smokers is dependent on the size: a
single smoker in a small network results in a higher proportion of
smokers than in a large network. Also, the size itself might inﬂuence
smoking cessation or relapse. It is known that smoking provides a way
to cope with psychological mechanisms resulting from being socially
isolated (Choi and Smith, 2013). Educational level was deﬁned as the
respondent's highest attained level of education, selected from eight
levels ranging from primary to academic education. For the analyses,
these were further categorized as follows: lower (primary and lower
secondary),middle (higher secondary), and higher (tertiary) education.
Educational level has proven to be a good indicator of socio-economic
status in The Netherlands (Van Berkel-Van Schaik and Tax, 1990).
2.3. Analysis
Analyses were carried out separately for two subpopulations:
smokers at baseline and former smokers at baseline. First the data was
Table 1
Characteristics of the study populations of smokers and former smokers.
Variables Smokers at
baseline
Former smokers at
baseline
(N = 762) (N = 1905)
Smoking cessation, n (%) 103 (13.5) –
Smoking relapse, n (%) – 121 (6.4)
Proportion of smokers amonga, mean
(SD)
All social ties 0.30 (0.28) 0.15 (0.22)
Household members 0.25 (0.39) 0.09 (0.25)
Friends 0.26 (0.35) 0.13 (0.26)
Family members outside the
household
0.13 (0.26) 0.10 (0.24)
Network size, mean (SD)
All social ties 5.00 (3.00) 5.00 (3.15)
Household members 1.20 (1.22) 1.27 (1.14)
Friends 2.01 (1.83) 1.88 (1.81)
Family members outside the
household
1.80 (1.91) 1.86 (1.92)
Age (years), mean (SD) 49.6 (15.40) 57.7 (14.70)
Female, n (%) 367 (48.2) 933 (49.0)
Education, n (%)
Low 285 (37.4) 642 (33.7)
Middle 309 (40.6) 672 (35.3)
High 168 (22.0) 591 (31.0)
Note: Study conducted in The Netherlands (2013–2014).
a Proportion of social network members who smoked at baseline (t = 0) and during
follow-up (t = 1).
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the 762 smokers and (2) relapse among the 1905 former smokers for
those with less than and those with N50% smokers in their social
network.
Then, we speciﬁed logistic regression models where the
respondent's smoking status was a function of the proportion of
smokers in the social network. The model was adjusted for network
size, age, sex and educational level. In separate logistic regressions, we
examined the adjusted association of the proportion of smokers
among social network members with (1) smoking cessation among
smokers, and (2) smoking relapse among former smokers. In order toFig. 2. Unadjusted estimates of the percentage of persons who stopped smoking and who relap
proportion of smokers among social networks members was dichotomized into: low (≤50%) ainvestigate the importance of the type of social tie, these analyses
were performed separately for the proportion of smokers among A)
all social ties, B) householdmembers, C) friends andD) familymembers
outside the household.
Since the relationship between smoking cessation and the propor-
tion of smokers among social network members might differ with
smoking frequency and smoking quantity of the respondent, we also re-
peated the analysis stratiﬁed by daily smokers, occasional (1–5 CPD),
light (6–10 CPD), moderate (11–15 CPD), moderate-heavy (16–20
CPD), and heavy (N21 CPD) smokers. All analyses were conducted
with the statistical package R (version 3.2.2) (R Core Team, 2016).
3. Results
Descriptive characteristics of the two subpopulations are provided in
Table 1. At baseline, the average agewas approximately 50 years among
smokers and 58 years among former smokers. In both sub-populations,
each respondent had on average ﬁve social ties. Among smokers, ap-
proximately 14% reported not to smoke at follow-up. Of all social ties
in this subpopulation, 30% were smokers. Smoking was more prevalent
among friends. Among former smokers, about 6% reported to smoke at
follow-up. In this subpopulation, the proportion of smokers among all
social ties was on average 15%. Again the highest proportion was
among friends.
Fig. 2 illustrates the unadjusted estimates of the percentage of per-
sons who stopped smoking and who relapsed during follow-up by the
proportion of smokers among social networkmembers. The percentage
of respondents who quitted smoking was substantially lower with a
high proportion of smokers among social network members. This rela-
tion was found for each type of social tie, except for the proportion of
smokers among family members outside the household. Smoking re-
lapse among former smokers was more likely when the proportion of
smokers among network members was high.
Table 2 provides the adjusted odds ratios for the association be-
tween the proportions of smokers in social networks and smoking ces-
sation of participants during follow up. Smoking cessation was less
likely when the respondent had higher proportions of smokers among
all social ties (OR = 0.25; 95% CI = 0.10–0.66), household memberssed during follow-up by the proportion of smokers among social network members. The
nd high (N50%). Study conducted in The Netherlands (2013–2014).
Table 2
Adjusted associations between smoking cessation and the proportion among social network members.
Variables Smoking cessation (n = 762)
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Proportion of smokers amonga
All social ties 0.25 0.10–0.66 – – – – – –
Household members – – 0.27 0.12–0.56 – – – –
Friends – – – – 0.26 0.11–0.59 – –
Family members outside the household – – – – – – 1.02 0.43–2.24
Network size 0.94 0.87–1.01 0.97 0.80–1.17 0.97 0.85–1.10 0.97 0.86–1.09
Age (10 yrs) 0.94 0.82–1.08 0.96 0.83–1.10 0.94 0.82–1.08 0.98 0.85–1.12
Sex – female 1.29 0.84–1.98 1.23 0.81–1.88 1.32 0.86–2.03 1.2 0.79–1.84
Education – low (ref) – – – – – – – –
Education – middle 1.49 0.90–2.49 1.45 0.87–2.42 1.54 0.93–2.58 1.46 0.89–2.44
Education – high 1.93 1.10–3.41 1.71 0.97–3.00 2.06 1.16–3.65 1.97 1.13–3.44
Note: Study conducted in The Netherlands (2013–2014).
a Proportion of social network members who smoked at baseline (t = 0) and during follow-up (t = 1).
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0.11–0.59). The proportion of smokers among family members outside
the household did not show a relationship with smoking cessation.
Table 3 shows that among former smokers, higher proportions of
smoking among all social ties increased the odds of smoking relapse
(OR = 6.08; 95% CI = 3.01–12.00). Of all social ties, the proportion
smokers among household members (OR =4.33; 95% CI = 2.54–7.18)
and friends (OR=2.68; 95% CI= 1.44–4.83) showed a signiﬁcant asso-
ciationwith smoking relapse aswell. Our results did not show a relation
between smoking relapse and the proportion of smokers among family
members outside the household.
Table 4 presents the stratiﬁed analysis for smoking cessation. When
we stratiﬁed for daily smokers only, results did not differ from the com-
plete analysis (see Table 2). Among occasional and light smokers,
smoking cessation was less likely with high proportions of smokers
among all social ties. Also among moderate to heavy smokers, a high
proportion of smokers among all social ties, and in particular among
friends, made it less likely to quit smoking. Smoking cessation was not
related to smoking behavior among moderate smokers.
4. Discussion
This study assessed the role of smoking in social networks on
smoking cessation and smoking relapse in a Dutch adult population.
Clearly, thosewith the largest proportion of smokers among their social
networkmemberswere less likely to quit andmore likely to experience
a relapse. In addition, the type of social tie appeared to be important:
smoking of household members and friends was strongly associated
with smoking cessation and relapse, whereas the smoking behavior of
family members outside the household was not.
Our ﬁndings support the signiﬁcance of smoking behaviors in social
networks for adult smoking cessation and relapse (Christakis andTable 3
Adjusted associations between smoking relapse and the proportion smokers among social net
Variables Smoking relapse (n = 1905)
OR 95% CI OR
Proportion of smokers amonga
All social ties 6.08 3.01–12.00 –
Household members – – 4.33
Friends – – –
Family members outside the household – – –
Network size 0.99 0.93–1.06 0.89
Age (10 yrs) 0.64 0.56–0.71 0.62
Sex – female 0.80 0.54–1.18 0.77
Education – low – – –
Education – middle 0.81 0.50–1.31 0.76
Education – high 1.17 0.73–1.88 1.05
Note: Study conducted in The Netherlands (2013–2014).
a Proportion of social network members who smoked at baseline (t = 0) and during followFowler, 2008; Moore et al., 2014; Zhou et al., 2009). Smoking behaviors
of others in social networks may have undesirable inﬂuences through
peer pressure and modeling smoking behaviors (Mercken et al., 2009;
Lakin and Chartrand, 2003). It also supports the idea that smoking be-
haviors might be contagious (Blok et al., 2013b). Given the
addictiveness of smoking, consistent visual cues of smoking by social
network members may make it harder for a smoker to quit and easier
for a former smoker to relapse smoking (Caggiula et al., 2001).
With regard to the importance of social ties, our study is among the
ﬁrst to empirically demonstrate that smoking behavior of household
members and friends are both important for smoking cessation and re-
lapse in adults. Our results further indicate that smoking among friends
is most important for moderate to heavy smokers, whereas smoking
among household members is most important for occasional and light
smokers. These ﬁndingsmay suggest the need for network-based inter-
ventions to target different people for occasional, light, andmoderate to
heavy smokers.
Surprisingly, smoking behavior of family members outside the
household appeared to have no signiﬁcant relation to smoking cessation
or relapse, after adjusting for other factors. This seems contradictory to
earlier ﬁndings by Christakis and Fowler, which suggest that socially
close contacts are most important to explain smoking cessation
(Christakis and Fowler, 2008). However, as our estimates for the family
member outside the household show very wide conﬁdence intervals,
these are consistent with both positive and negative effects on smoking
cessation and relapse. It may reﬂect that some respondents have more
frequent contact (i.e. closer contact) with their family members than
others. Since our data did not include a proxy for closeness of contacts,
we were not able to test this hypothesis.
A limitation of this studywas the use of self-reported smoking status
that was measured fairly crude due to limited space in the survey. This
might have resulted in an underestimation of smoking amongwork members.
95% CI OR 95% CI OR 95% CI
– – – – –
2.54–7.18 – – – –
– 2.68 1.44–4.83 – –
– – – 1.04 0.48–2.06
0.74–1.05 1.02 0.91–1.14 0.95 0.84–1.05
0.55–0.70 0.64 0.57–0.72 0.63 0.56–0.70
0.52–1.14 0.80 0.54–1.18 0.81 0.55–1.18
– – – – –
0.47–1.21 0.77 0.48–1.23 0.74 0.46–1.18
0.66–1.69 1.07 0.67–1.72 1.01 0.64–1.61
-up (t = 1).
Table 4
Adjusted associations between smoking cessation and the proportion of smokers among social network members stratiﬁed by smoking frequency and quantity.
Variable Smoking cessation
Frequency Quantitya
Daily smokers
(n = 488)
Occasional
(n = 138)
Light (n = 220) Moderate
(n = 161)
Moderate-heavy
(n = 121)
Heavy (n = 88)
OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Proportion of smokers amongb
All social ties 0.26 0.10–0.66 0.48 0.08–2.33 0.02 0.001–0.25 1.59 0.25–9.02 0.02 0.0003–0.41 0.38 0.02–4.07
Household members 0.31 0.13–0.67 0.21 0.03–0.98 0.09 0.01–0.51 0.78 0.18–2.79 0.30 0.02–1.72 0.74 0.03–8.89
Friends 0.29 0.10–0.72 0.61 0.14–2.24 0.07 0.01–0.53 1.00 0.14–5.34 0.02 0.002–0.50 0.00 -Inf - Inf
Family outside the household 1.16 0.44–2.73 1.22 0.17–6.66 0.13 0.003–1.59 1.96 0.35–8.72 1.26 0.08–11.32 3.00 0.02–123
Note: All analyses are adjusted for network size, age, sex, and education. Study conducted in The Netherlands (2013–2014).
a Occasional(1–5 cigarettes per day); light (6–10 CPD); moderate (11–15 CPD); moderate-heavy (16–20 CPD); heavy (N21 CPD).
b Proportion of social network members who smoked at baseline (t = 0) and during follow-up (t = 1).
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smoking status has shown to be reliable when measured under opti-
mized conditions, such as assuring anonymity (Dolcini et al., 1996).
Also, smoking behaviors of social ties were measured based on self-re-
ported perceptions of the respondent, which may be biased (Henry et
al., 2011). Former studies have shown that smokers tend to overesti-
mate friends' smoking behavior, which then could result in an overesti-
mation of the importance of smoking in social networks (Henry et al.,
2011; Iannotti and Bush, 1992). However, a recent study comparing
egocentric and sociometric measures (i.e. self-reported by the social
tie) showed that the level of agreement was high (Valente et al., 2013).
Another limitation might be the short follow-up period. Generally,
smoking cessation is a slowprocess and smokersmaymakemultiple at-
tempts before successfully quitting smoking (Hymowitz et al., 1997). It
is very likely that smokers at baselinewho reportednot to smokeduring
follow-up, might still be in the process of quitting smoking, and that our
observations of smoking cessation is merely just another quit attempt.
Similarly, smoking relapse among former smokers at baselinemight ac-
tually be a failed quit attempt. However, further adjusting our analysis
for quit attempt (yes/no) did not alter our results.
Amain concernwhen studying the role of social networks on health-
related behaviors or health in general, is homophily (McPherson et al.,
2001). People tend to select others with similar behaviors as their
friends, which may explain to some extent the change in behaviors.
This phenomenon can also be observed in our data. At baseline, the pro-
portion of smokers in social networkswas twice as high among smokers
as compared to former smokers. In our study however, selection seems
to be less of a problem because family members are not selected, and
household members are only to some extent selected.
We also did not account for any contextual effects (Manski, 1993;
Cohen-Cole and Fletcher, 2008). Peoplemay be exposed to common en-
vironmental factors, such as availability of smoking, whichmay to some
extent cause them to quit or restart smoking. Our data did not contain
any geographic or physical environmental measures, except for the de-
gree of urbanization. Further adjusting our models for urbanization did
not inﬂuence our results.
5. Conclusions
In conclusion, this study supports the ﬁnding that smoking cessation
and smoking relapse are inﬂuenced by smoking behaviors of members
in the social network. This association has now been demonstrated for
a speciﬁc network consisting of householdmembers, friends, and family
members. Smoking behaviors of household members and friends are
the most important to explain smoking cessation and relapse. Based
on these ﬁndings, network-based interventions targeting household
members or groups of friends may be most promising to establish a
signiﬁcant further reduction of the smoking prevalence. Collectively
reducing the proportion of smokers in social networks might not onlyenforce others to quit smoking too, but might also make smoking
relapse less likely.Conﬂict of interest
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